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(54) [Title of the Invention] HIGH STRENGTH STEEL SHEET BEING EXCELLENT IN 
MACHIN ABILITY, PLATABILITY AND TOUGHNESS AND HAVING FINE TEXTURE, 
AND METHOD FOR PRODUCING THE SAME 

(57) [Abstract] 

[Problem] To produce a high strength steel sheet being excellent in balance between the 
strength and ductility while having good weldability, toughness and palatability by forming 
fine crystal grains while reducing the amount of addition of alloys that causes the production 
cost to increase, and having good applicability by maintaining fine crystal grains even when 
the temperature increases by plating and welding. 

[Solving Means] The invention provides a high strength steel sheet being excellent in 
machinability and toughness and a method for producing the same, wherein addition of Cr 
and Ni is not essential, and the crystal grain diameter of the ferrite phase in the metallic 
texture is controlled to be not larger than 5.0 fim by allowing N to contain in a proportion of 
0.05 to 4.0 % , by controlling the proportion of Mn to be not larger than 10.0 % and the 
proportions of Si and Al to be not larger than 4.0 % , respectively, and by adding H, Nb and B, 
if necessary, for controlling the amount of nitrides formed. 
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[Claims] 

[Claim 1] A high strength steel sheet being excellent in machinability, platability and 
toughness and having a fine texture, wherein 

said steel sheet comprising, in % by mass, 0.0001 to 0.2 % of C, not larger than 4.0 % of 
Si, 0.01 to 10.0 % of Mn, 0.001 to 0.5 % of P, 0.0001 to 0.1 % of S, not larger than 4.0 % of Al 
and 0.05 to 4.0 % of N, and 

said steel sheet comprising crystal grains with an average diameter of not larger than 

5.0 |im. 

[Claim 2] The high strength steel sheet being excellent in machinability, platability and 
toughness and having a fine texture according to Claim 1, wherein said steel containing not 
larger than 20.0 % of Cr. 

[Claim 3] The high strength steel sheet being excellent in machinability, platability and 
toughness and having a fine texture according to Claim 1 or 2, wherein said steel containing 
not larger than 10.0 % of Ni. 

[Claim 4] The high strength steel sheet being excellent in machinability, platability and 
toughness and having a fine texture according to Claim 1 to 3, wherein said steel further 
containing at least one of not larger than 0.2 % of Ti, not larger than 0.2 % of Nb and not 
larger than 0.02 % of B. 

[Claim 5] The high strength steel sheet according to Claim 1 to 4 being excellent in 
machinability, platability and toughness and having a fine texture, wherein the concentrations 
of elements except N in the steel material are substantially uniform. 
[Claim 6] The high strength steel sheet being exceUent in machinability, platability and 
toughness and having a fine texture according to Claim 1 to 5, wherein the volume ratio of a 
ferrite phase is substantially no less than 50%, and the proportion of an austenite phase is not 
larger than 20%. 

[Claim 7] A method for producing a high strength steel sheet being excellent in machinability, 
platability and toughness and having a fine texture, wherein the increment of N-content is 
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made to be no less than 0.03 % by nitriding the steel sheet so that the N-content is no less than 
0.05 % in producing the steel sheet according to Claims 1 to 6. 
[Claim 8] The method for producing a high strength steel sheet being excellent in 
machinability, platability and toughness and having a fine texture according to Claim 7, 
wherein the increment of N-content is made to be no less than 0.03 % by keeping the 
temperature of the steel sheet at no less than 550°C for no less than 1 second in an atmosphere 
containing no less than 0.5 % of ammonia so that the N-content is no less than 0.05 % . 
[Claim 9] The method for producing a high strength steel sheet being excellent in 
machinability, platability and toughness and having a fine texture according to Claim 8, 
wherein the increment of N-content is made to be no less than 0.03 % by keeping the steel sheet 
in a temperature range of 550 to 800°C for no less than 1 second in an atmosphere containing 
no less than 0.5 % of ammonia so that the N-content is no less than 0.05 % . 
[Claim 10] The method for producing a high strength steel sheet being excellent in 
machinability, platability and toughness and having a fine texture according to Claims 7 to 9, 
wherein the crystal grain diameter is controlled to be not larger than 5.0 jim by heat-treating 
at a temperature of no less than 800°C after adjusting the N-content to no less than 5.0 % by 
the nitriding treatment. 

[Claim 11] The method for producing a high strength steel sheet being excellent in 
machinability, platability and toughness and having a fine texture according to Claims 7 to 10, 
wherein the steel sheet is made to stay in a temperature range of 50 to 550°C for no less than 
10 seconds after adjusting the N-content to no less than 0.05 % by the nitriding treatment, and 
is supplied for use without keeping it at a temperature exceeding 550°C. 
[Claim 12] The method for producing a high strength steel sheet being excellent in 
machinability, platability and toughness and having a fine texture according to Claims 7 to 11, 
wherein the steel sheet is cooled from a temperature of no less than 650°C to not larger than 
400°C at a cooling speed of 10°C/second after adjusting the N-content to no less than 0.05 % by 
the nitriding treatment, is made to stay in a temperature range of 50 to 550°C for no less than 
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10 seconds, and is supplied for use without keeping it at a temperature exceeding 550°C. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] The invention relates to a steel sheet used for automobile 
parts, construction materials, electric and mechanical parts and containers and a method for 
producing the steel sheet. In particular, the invention relates to a steel sheet and a method for 
producing the same. The steel sheet is excellent in strength, machinability, weldability and 
toughness that are necessary for applications as described above, and is capable of having 
good adhesive properties of plating films and coating films without impairing these 
characteristics. 
[0002] 

[Description of the Related Arts] The characteristics that have been required in members 
used in various application fields include strength as structural members and workability for 
forming the members, weldability and welding strength at joint portions with other members, 
toughness during use, paintability for enabling surface treatment for giving corrosion 
resistance, and adhesive property of plating films. Since workability of a material is usually 
deteriorated as the strength increases, steel sheets are required to be compatible between 
workability and strength. While the method for enhancing the strength available include 
dislocation hardening, solid solution hardening and texture hardening, drawbacks in these 
methods have not been solved yet in the currently available technologies as described below. 
[0003] While a large number of dislocations are introduced into the texture by machining and 
martensite transformation in dislocation hardening, ductility is remarkably deteriorated in 
dislocation hardened materials in which a large number of dislocations have been already 
formed before machining, since ductility itself is expressed in the process for increasing the 
dislocation density. It is also a drawback of dislocation hardening that the steel sheet is largely 
softened at welded portions to decrease the welding strength since the number of the 
dislocations rapidly decreases by a temperature increase by welding. While the balance 
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between the strength and ductility is relatively good in the solid solution hardening caused by 
Si, Mn and P, it has drawbacks that surface defects are liable to occur by forming oxides and 
adhesive properties of the coating film and plating film are poor. 

[0004] Texture hardening is roughly classified into so-called fine grain hardening, in which 
the steel sheet is reinforced by crystal grain boundaries formed by fining single phase textures, 
and hardening by taking advantage of a second phase. Although precipitates in ferrite steels 
are used in the art for taking advantage of fining of the grains as disclosed in "Iron and Steel", 
Vol. 85, p691, published by the Iron and Steel Institute of Japan (ISU) (non-patent document 
1), the crystal grain diameter capable of practically attaining by the conventional art is several 
micrometers at most It is practically difficult to control grain diameters to be fine since the 
processing temperatures and conditions should be strictly controlled. Fining the grains also 
involves the problems that the ductility obtained by texture hardening is lower than the 
ductility attained by solid solution hardening since the precipitates serve as starting pints of 
fracture, and crystal grains at the welded portions are coarsened since the precipitates are 
melted or coarsened by the effect of heat by welding. 

[0005] While an art for obtaining a stable fine texture with a size of about 2 jim in austenite 
steels is disclosed in "Material and Processes", Vol. 15, p450, published by the ISIJ (non-patent 
document 2), the production cost is high because a large quantity of Cr and mechanical 
ironing treatment as well as heat treatment at high temperatures more than 1000°C are 
required. Technologies for forming crystal grains having a size of smaller than 1 jam have 
been developed as a collaboration project between the industrial section and academic section, 
and are disclosed in "Material and Processes", Vol. 14, p502, published by the ISIJ (non- 
patent document 3), Japanese Patent Application Laid-Open (JP-A) Nos. 2000-73034 (patent 
document 1) and 2000-96137 (patent document 2). However, quite high strain is given to the 
material by mechanical milling in these methods, and the material becomes so thermally 
unstable that there may be many problems in the applications that require welding. 
[0006] Steel sheets taking advantage of a machining-induced transformation by which the 
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austenite phase remaining in the steel sheet is transformed into a harder martensite phase 
have been developed as high strength steel sheets excellent in the balance between the strength 
and ductility. The steel sheet comprises 0.07 to 0.4 % of C, 03 to 2.0 % of Si and 0.2 to 2.5 % of 
Mn as basic alloy components without containing any expensive alloy elements, and the 
austenite phase is left behind in the metallic texture of the steel sheet at room temperature as a 
result of bainite transformation at about 400°C after forming the austenite phase at a high 
temperature two phase region. Such steel is called as a "residual austenite steel" or "TRIP 
steel", and these technologies are disclosed, for example, in JP-A Nos. 1-230715 (patent 
document 3), 1-79345 (patent document 4) and 9-241788 (patent document 5). 
[0007] However, since the austenite phase is left behind in these steel sheet by taking 
advantage of peculiar bainite transformation, intended metallic textures cannot be obtained 
unless heat-treatment conditions (temperature and time) are strictly controlled, which causes 
assurance of good strength and ductility and improvement of the yield to be prevented. 
Furthermore, since the adhesive property of zinc plating is poor since a Si content of as large 
as 03 to 2.0 % is required while preferable metallic textures are often broken due to thermal 
hysteresis by hot-dip plating, a wide range of industrial application of this technology was 
difficult 

[0008] High-N stainless steels have been disclosed in Japanese Patent Application Laid-Open 
Nos. 8-134596 (patent document 6), and 2000-129401 (patent document 7) as steels containing 
a large proportion of N. However, these steels are so-called normal stainless steels that require 
a large quantity of Cr and Ni. The material is neither controlled by taking deterioration of 
machinability and ductility as high strength steel into consideration, nor improvements of 
characteristics by ultra-fining of the crystal texture has been attempted in these technologies. 
[0009] 

[Reference Document] 

(1) patent document 1 (JP-A No. 2000-73034) 

(2) patent document 2 (JP-A No. 2000-96137) 
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(3) patent document 3 (JP-A No. 1-230715) 

(4) patent document 4 (JP-A No. 1-79345) 

(5) patent document 5 (JP-A No. 9-241788) 

(6) patent document 6 (JP-A No. 8-134596) 

(7) patent document 7 (JP-A No. 2000-129401) 

(8) non-patent document 1 ("Iron and Steel", VoL 85, p691, published by the ISIJ) 

(9) non-patent document 2 ("Material and Processes", VoL 15, p450, published by the ISIJ) 

(10) non-patent document 3 ("Material and Processes", VoL 14, p502, published by the ISIJ) 
[0010] 

[Problems to be Solved by the Invention] An object of the invention is to provide a high 
strength steel sheet that is able to be endowed with high strength and high toughness without 
not so largely deteriorating ductility by forming a thermally stable fine crystal grain structure 
by a simple heat treatment with high productivity without using any special additive elements. 
The steel sheet of the invention does not loss its characteristics after a thermal hysteresis 
caused by welding and plating, maintains initial characteristics under various application 
conditions, and is able to be used as a steel sheet subjected to a highly corrosion resistive 
surface treatment due to good adhesive property of plating films. Another object of the 
invention is to provide a method for producing the steel sheet as described above. 
[0011] 

[Means for Solving the Problems] The present inventors have made intensive studies on the 
relation between the crystal grain diameter and stability thereof, and on the components of the 
steel for providing a high strength steel sheet capable of attaining the above-mentioned objects, 
and have completed the invention. The features of the invention are as follows. While N has 
been known as an element for stabilizing the austenite phase, refining of steels is difficult in 
conventional production process in which N is added in a high concentration in a blasting 
process. A high quality steel sheet cannot be obtained by this method since gases generated in 
the casting process are left behind as bubbles in the steel ingot after solidification. Accordingly, 
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wide range of characteristics such as machinability, toughness and corrosion resistance of the 
high-N steel sheet as an object of the invention have not been investigated and remained 
unknown. 

[0012] The present inventors have investigated the method for allowing N to be contained in 
the steel sheet after casting until it is used as a product The present inventors have found that 
a quite fine crystal texture can be obtained by allowing the steel sheet to experience a specified 
thermal hysteresis after adding large amount of N, the fine texture is quite stable, and the steel 
sheet comprising such texture exhibits good machinability while it has a high strength. The 
present inventors have completed the invention by further investigating, based on the 
discoveries above, the effects of elements such as Si, Mn, C and Al, and of trace elements such 
as Ti and B, nitriding conditions, and thermal hysteresis for controlling the steel sheet to have 
a desired metallic texture. 
[0013] The features of the invention are: 

(1) to enable N to be contained in a high concentration; 

(2) to control the amount of Mn in an appropriate range for controlling transformation 
behaviors; 

(3) to control the contents of Si, Al, B and Ti for forming nitrides in appropriate ranges; 

(4) to control the amount of reinforcing elements such as C, Si, Mn and P in order to control 
the strength and ductility of the steel sheet by controlling the strength of each phase that forms 
the metallic texture; and 

(5) to control the thermal hysteresis so that the proportions of the austenite, martensite and 
bainite phases are controlled when a composite texture is utilized. 

[0014] 

[Embodiment] The reason why the steel component is restricted will be described in detail 
hereinafter. N is a most crucial element of the invention. A larger amount of N is necessary 
for obtaining the fine texture as a feature of the invention. While the mechanism thereof is not 
clear yet, a ferrite-austenite transformation may be considered to be responsible for forming 
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ultra-fine grains as a feature of the invention in addition to the effect of Mn to be described 
below, since N is an element necessary for forming the austenite phase. While such effect 
cannot be exhibited or addition of a high concentration of alloys or a strict heat treatment is 
required when the N concentration is less than 0.05 % , the lower limit of the N concentration is 
0.05 % . A concentration of at least 03 % is necessary when conventional machining steels used 
for automobile parts are used as base steels. 

[0015] On the other hand, the upper limit of the N-content is 4.0 % , since a long nitriding time 
is necessary for enhancing the N-content and the excess N-content tends to form a large 
quantity of Fe-nitrides in the steel that may impair ductility. The content of N may be 
enhanced to about 2 % for increasing the N-content using a usual continuous annealing line 
operated for about one minute when the so-called conventional steel used for automobile parts 
is used as the base steel. The lower limit is preferably 0.10 % , more preferably 0.20 % , further 
preferably 030 % , and far more preferably 035 % . The upper limit is preferably 2.0 % , more 
preferably 1.0%, further preferably 0.80% and far more preferably 0.60%. 
[0016] Mn is also a crucial element of the invention, and is considered to be responsible for 
forming ultra-fine grains by affecting the transformation behavior since Mn is an element for 
stabilizing the austenite phase as N does. The content of Mn may be not so high when the 
content of N is sufficiently high and the effects of other austenite phase-stabilizing elements 
such as C, Ni can be sufficiently utilized. However, the content of Mn may be not necessarily 
reduced with an additional cost since Mn is an element inevitably contained in steel materials. 
The lower limit of the Mn content is 0.01 % . Mn is a quite effective element for allowing the 
fining effect of the crystal grains to be efficiently exhibited in the so-called conventional steel 
which does not contain so much Ni and the like. 

[0017] The effect of Mn is small, or adding the alloy elements in a high concentration or a 
strict heat-treatment is necessary for obtaining an expected effect when the Mn concentration 
is less than 0.6 % . Accordingly, the content of Mn is desirable no less than 0.8 % , more 
preferably no less than 1.0%, and further preferably no less than 1.2%, still further preferably 
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no less than 13%. A content of about 1.7 % is necessary when the so-called conventional 
machining steel that is used for automobile parts is used as base steel While the upper limit is 
not required to be particularly restricted, an excess addition not only causes an increase of cost 
but also tends to cause surface defects and a problem on the surface treatment* Accordingly, 
the upper limit is 10 % since a too large content of Mn may excessively stabilize the austenite 
phase, and a large amount of the austenite phase is left at room temperature to impair the 
fining effect of the crystal grains mainly comprising the ferrite phase. The upper limit is more 
preferably 6.0%, further preferably 4.0%, far more preferably 3.0%, and particularly 2.5%. 
[0018] While Si is an element usually added for producing the high strength steel sheet by 
solid solution hardening, an excess addition makes the production of the steel sheet difficult by 
a conventional process, since cold-rollability is deteriorated when the steel sheet is produced 
via cold-rolling. The excess addition is also not preferable since nitride is formed by the excess 
addition in the high N-content steel such as the steel sheet of the invention, and ductility as 
well as the effect of N for fining the texture are decreased. Si is an effective element for 
attaining high strength without so largely deteriorating ductility when the amount of addition 
of Si is appropriate, or 0.001 to 4.0 % . The amount of addition is not larger than 3.0 % , 
preferably not larger than 2.0 % , for suppressing the nitride from being formed. The amount 
of addition is preferably not larger than 1.0 % , more preferably not larger than 0.5 % , and 
further preferably not larger than 0.2%, in view of platability and surface properties. 
[0019] While Al is used as a deoxidation material, an excess addition of Al is not preferable 
since Al is a stronger nitride forming element than Si is. Moreover, molten steel containing a 
large amount Al may readily plug the nozzle in a casting process and inhibits productivity 
while it damages the surface of the steel sheet Accordingly, the content of Al is not larger than 
4.0 % , preferably in the range of not larger than 2.5 % , more preferably in the range of not 
larger than 1 £ % , and further preferably in the range of not larger than 0.5 % . 
[0020] Ti, Nb and B are also strong nitride-forming elements, and excess addition of them is 
not preferable. However, these elements may be effectively used, if necessary, since they have 
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an effect for enhancing the crystal grain fining effect by forming quite minute nitride phases 
when they are used in an appropriate amount, and are able to remarkably strengthen the steel 
sheet to an extent more than offset of deterioration of ductility. The content of Ti and Nb each 
is not larger than 0.2 % , more preferably not larger than 0.1 % , and the content of B is not 
larger than 0.02%, more preferably not larger than 0.005%. 

[0021] C is not needed to be purposely added since ductility may be deteriorated by forming a 
cementite phase by adding an excess amount of C, while a strict control of thermal hysteresis 
is required for controlling the cementite phase from being formed and complicated 
transformation behaviors caused by the cementite phase. However, since C is an element for 
stabilizing the austenite phase, the effect for fining the crystal grains by the mechanism 
according to the invention is favorably affected when the amount of addition is appropriate. 
The lower limit of the N-content for attaining the effect of the invention is relaxed, and the 
load for increasing the N-content by nitriding is reduced. While the lower limit of the C- 
content is about 0.0005 % considering the decarbonization cost, it is possible in the invention to 
obtain a ultra-low carbonization steel that can be hardly obtained by the conventional 
methods since decarbonization is effected as the nitriding process is proceeded. Accordingly, 
the lower limit of the C-content is determined to be 0.0001 % . The upper limit is 0.2 % when 
the balance between the austenite phase stabilizing effect and cementite forming effect is taken 
into consideration. While the content is preferably not larger than 0.1 %, a content of not 
larger than 0.05 % arises no problem in the so-called conventional steel used for automobile 
parts. 

[0022] Ni and Cr are significant in the invention. Steels containing no less than about 0.1 % of 
N have been produced as so-called stainless steels that contain a large quantity of Ni and Cr. 
However, the upper limit of the N-content is about 0.03 % in the so-called conventional steel 
that does not contain large quantities of Cr and Ni and is used for the automobile parts as the 
object of the invention. Such regulation is provided because the amount of dissolved N is 
thermodynamically restricted in a blast process by which the component of the steel is 
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controlled. In addition, the capacity for enabling N to form a solid solution in the steel is 
largely reduced and N is bubbled as a gas by a temperature decrease during solidification in 
the casting process, and blow-holes are evidently generated to remarkably deteriorate the 
surface property of the steel sheet. 

[0023] On the other hand, it is possible to produce a steel containing a large quantity of N in 
the so-called stainless steel that contains about ten percent to several tens of percent of Cr and 
Ni, since the amount of the thermodynamically permissible N dissolved in the steel including 
the molten steel is remarkably increased. However, the upper limit of the N-content is about 
03 % at most in the stainless steel produced by conventional methods. Since most of N in the 
conventional high N-content stainless steel is consumed for forming Cr nitride, and since the 
production process is not controlled considering that various nitrides and carbides are formed 
by taking the transformation behavior affected by the nitride and carbide into consideration, 
the effect for forming ultra-fine grains as one of the crucial inventive steps of the invention has 
not been utilized at all. The process of the invention is not restricted by the thermodynamic 
principle since N is added in the solidification step, and N is able to be contained in a high 
concentration without allowing the steel to contain high concentrations of Cr and Ni. However, 
it is possible in the invention to add Cr and Ni for the purposes other than the purpose of the 
invention such as endowing the steel with corrosion resistance. 

[0024] It is not preferable to add excess Cr since it is a strong nitride forming element. The 
preferable range of addition of Cr is not larger than 20 % considering the effect on corrosion 
resistance and the cost of addition. The amount of addition is preferably not larger than 10 % , 
more preferably not larger than 5 %, and the effect of forming the nitride is largely reduced 
when the amount of addition is not larger than 3 % . Ni is an element for stabilizing the 
austenite phase, and favorably affects the invention. However, the amount of addition is not 
larger than 10 % considering the cost of addition. Adding an excess amount of Ni causes 
excessive stabilization of the austenite phase, and a large quantity of the austenite phase is left 
behind at room temperature to impair the fining effect of the crystal grains mainly comprising 



the ferrite phase* Since it is advantageous for the production cost to utilize Mn that have a 
comparative effect to that of Ni with respect to the ultra-fining effect via transformation, the 
content of Ni is preferably not larger than 5 % , more preferably not larger than 2 % . 
[0025] While the content of P is not required to be particularly restricted, the element is 
effective for obtaining a high strength without deteriorating ductility as Si is so long as the 
content of P is appropriate. P intrinsically has an effect for fining the crystal grains as Nb does, 
and is able to remarkably enhance the strength of the steel by exhibiting an effect for 
compensating the effect for forming ultra-fine grains according to the invention to an extent 
enough for compensating deterioration of ductility. Accordingly, it is effective to utilize P, if 
necessary. The content of P is 0.001 to 0.5 % considering the balance between the cost for 
removing P and deterioration of ductility caused by adding excess P. 

[0026] S is also not required to be purposely added in the invention, and the content of S is 
preferably low since it prevents the effect of Mn necessary in the invention from being 
exhibited by forming MnS. Accordingly, the content of S is 0.0001 to 0.1 % . The effect of the 
invention is not impaired at all by adding appropriate amounts of various elements such as Sn, 
Sb, Bi, Mo, V. W, Ta and Se in order to improve various characteristics for use such as deep 
drawability, stretchability, platability, corrosion resistance, wettability and toughness, as well 
as wear resistance and dent resistance, and for improving the problems in the production 
process such as castability and reliability. 

[0027] The features provided in the steel sheet of the invention is that the crystal grain 
diameter is quite fine. Since the conventional high strength steel sheet has a grain diameter of 
several micrometers to 10 micrometers, the diameter of the crystal grains of the steel of the 
invention is restricted to be not larger than 5.0 fun. The diameter is desirably 2.0 jim, more 
preferably 1.0 fan, and the grains can be fined to have a diameter of not larger than 0.5 jim, or 
not larger than 0.1 |im or much smaller, by controlling the fining conditions of the texture. 
Characteristic features may be clear as the grain diameter is finer. Preferable effects on the 
characteristics expected to be more improved over those known in the art, for example wear 
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resistance and fatigue resistance, may be obtained by fining the texture. 
[0028] The ferrite phase is a major phase in the invention. However, since the steel sheet of 
the invention contains relatively a large quantity of N and Mn as the austenite phase 
stabilizing elements, and since transformation is supposed to be related to fining of the crystal 
texture, the austenite phase may be left behind in the texture. Since the residual austenite 
phase is effective for improving the balance between the strength and ductility, favorable 
characteristics originating from the fine texture are not evidently inhibited when the volume 
ratio of the austenite phase accounts for a considerable proportion. 

[0029] However, when an extremely rigorous condition is applied so that the volume ratio of 
the residual austenite phase exceeds 20 % , the martensite phase formed by transformation 
induced by a strain during machining causes concentration of stress that results in a decrease 
of ductility, or many martensite phases remaining after press forming may arise a decrease of 
secondary machinability and impact resistance. Accordingly, the volume ratio of the residual 
austenite phase is preferably not larger than 20 % . The preferable range of the volume ratio of 
the ferrite phase is no less than 50 % , when the presence of various phases such as phases 
mainly comprising Fe such as the martensite phase and bainite phase other than the austenite 
phase, and nitride and carbide formed by Fe and additive elements are taken into 
consideration. 

[0030] The method for producing the steel sheet of the invention will be described below. One 
of the features of the invention is to allow the steel sheet to contain N in a high concentration 
that has not been thought possible in conventional machining steel sheet. While it has been 
difficult in the conventional steel to add a large amount of N by controlling the components in 
a blast process, N can be readily added in the steel in a high concentration by applying a 
nitriding method of the steel ingot or steel sheet. This nitriding method may be applied in a 
gas phase or in a liquid phase, or by a solid contact method or by ion or plasma irradiation. It 
is possible to increase the nitrogen content of the steel to be no less than 0.05 % using any 
nitriding methods above. 
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[0031] Nitriding in a gas phase is practical considering productivity in the industrial process. 
For nitriding in the gas phase, the steel sheet is kept in an atmosphere containing no less than 
2 % of ammonia for no less than 1 second at a sheet temperature of no less than 550°C, or the 
steel sheet is kept in an atmosphere containing no less than 2 % of ammonia heated at a 
temperature of 550 to 800°C for no less than 1 second. Temperature control for the nitriding 
reaction is important since the nitriding reaction mainly occurs by invasion of nitrogen atoms, 
which are generated by decomposition of a gas in the reaction environment when the gas 
contacts the surface of the metal at a high temperature, into the metal. The nitriding 
efficiency decreases when the temperature is out of the range of the decomposition 
temperature, and the nitriding reaction takes a long period during attaining required degree 
of nitriding. Other wise, a large amount of iron nitride is formed when the temperature is 
reduced to a lower temperature side, and N cannot be favorably utilized for fining the crystal 
grains required in the invention in the presence of a large quantity of iron nitride. Therefore, 
the lower limit of the preferable temperature range is 590°C, and more preferable lower limit 
is 620°C. The situation is a little different between the cases when only the temperature of the 
sheet is higher than the temperature of the atmosphere, and when the atmosphere's own 
temperature is kept at a high temperature. 

[0032] The case when the temperature of the sheet is maintained to be higher than the 
temperature of the atmosphere will be described below. The steel sheet heated at a high 
temperature is introduced into an atmosphere at a lower temperature than the temperature of 
the steel sheet without particularly heating the atmosphere. For example, a supposed 
apparatus is a continuous furnace comprising a first half where the steel sheet is heated in an 
atmosphere that does not substantially cause nitriding, and a second half filled with a non- 
heated nitriding atmosphere. The steel sheet is nitrided by passing through the continuous 
furnace as described above. In another supposed apparatus, the steel sheet is electrically 
heated at the halfway of a continuous production line, and the steel sheet is nitrided by 
allowing it to pass through a reaction chamber filled with the room temperature nitriding 
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atmosphere while the steel sheet is maintained at a high temperature. The gas in the 
atmosphere is decomposed on the surface of the metal, or on the surface of the steel sheet, 
heated at a high temperature, and N generated by decomposition invades into the steel sheet to 
proceed the nitriding reaction of the steel sheet. 

[0033] A higher temperature of the steel sheet is more preferable for facilitating 
decomposition of the gas in the atmosphere and diffusion of N in the steel. The temperature is 
usually not higher than 1000°C considering the efficiency and cost for heating. The 
temperature is preferably not higher than 900°C, and the nitriding efficiency is practically 
sufficient when the temperature is not higher than 800°C. However, the temperature of the 
nitriding atmosphere may be a little increased by continuously importing the heat to the 
nitriding furnace, even when a fresh atmosphere is continuously introduced into the nitriding 
furnace by continuously introducing the high temperature steel sheet into a low temperature 
atmosphere using the supposed continuous furnace. The gas in the atmosphere is decomposed 
at the metallic part used as a furnace material when the temperature of the nitriding 
atmosphere is too rapidly increased, and the nitriding efficiency of the steel sheet may be 
decreased. Accordingly, control of heat transfer and the temperature of the atmosphere are 
important when the steel sheet heated at a high temperature is nitrided by introducing into a 
low temperature atmosphere. 

[0034] In another method described below, the atmosphere itself is maintained at a high 
temperature enough for causing the nitriding reaction, and a steel sheet heated at an 
approximately the same temperature as the temperature of the atmosphere is introduced 
therein. It is supposed in this process that only the gas component in the atmosphere of a 
heating furnace and heat-retaining furnace, which are usually filled with a high temperature 
atmosphere, is replaced with the nitriding gas, and the steel sheet is made to pass through 
these furnaces as in the usual continuous annealing line. However, the recrystallization 
temperature of the steel sheet increases when the steel sheet is nitrided at the first half of 
recrystallization step simultaneously proceeding with the nitriding step, and machinability of 
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the steel sheet may be deteriorated due to non-crystalline portions remaining in the steel sheet 
after heat treatment. Therefore, the nitriding process should be cautious when such effect is 
not preferable for machinability. 

[0035] For avoiding such drawbacks, the temperature hysteresis and component in the 
atmosphere should be controlled at the first half of the nitriding process in order to permit the 
nitriding reaction to be proceeded after the steel is sufficiently recrystallizecL When the 
temperature of the environment is too high in this process, the gas in the atmosphere is 
frequently decomposed at metallic parts used as parts of the furnace material, for example the 
furnace body itself, steel sheet guide rolls and heating burners, irrelevant to the passage of the 
steel sheet. The gas is decomposed and reacts in the environment itself, and the nitriding 
efficiency decreases due to the decrease of nitriding ability of the atmosphere. The furnace's 
own function is also decreased since the furnace body and furnace parts are nitrided. 
Accordingly, the temperature of the atmosphere is preferably not higher than 800°C, more 
preferably not higher than 750°C. 

[0036] While the composition of the gas is not particularly restricted, the concentration of 
ammonia required for the nitriding reaction is no less than 0.5 % considering the nitriding 
efficiency. The nitriding reaction itself may occur in the presence of N in an atmosphere when 
the ammonia concentration is 0 % , and a dilute ammonia atmosphere may be applicable when 
the steel sheet is quite thin and the amount of the nitriding reaction for attaining a required 
nitrogen content is small. The ammonia concentration is no less than 2 % , preferably no less 
than 5 % , more preferably no less than 10 % and further preferably no less than 20 % when the 
steel sheet is a usual machining steel sheet. The concentration of the nitriding atmosphere 
cannot be uniquely defined since the composition of the atmosphere itself changes by the 
nitriding reaction, and it is difficult to strictly define the composition of the atmosphere at the 
surface of the steel sheet where the nitriding reaction is proceeding. 

[0037] The volume fraction of a gas is used as the concentration of the gas in the atmosphere 
in the invention when the gas is continuously introduced into the nitriding furnace. The gas in 
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the atmosphere is sampled at an appropriate position in the nitriding furnace in order to 
determine the volume fraction of the gas by a method usually used for environment analysis, 
when the atmosphere introduced into the furnace and the atmosphere in the furnace where 
the nitriding reaction is proceeding are supposed to be different to one another. A higher 
concentration of N 2 is advantageous from the view point of the nitriding efficiency, when the 
components of the atmosphere other than ammonia are N 2 and H 2 . 

[0038] The temperature and retention time in the atmosphere are determined in the invention 
considering the required amount of N in the steel. While the upper limit of the retention time 
is about 30 minutes at best in continuous annealing, a retention time of several hours up to 
several days is possible by using box annealing. A retention time of at least 1 second is 
necessary for ensuring a required amount of N, although it depends on the thickness of the 
steel sheet. The upper limit of the retention time is desirably within 20 days considering 
operability and productivity. The retention time is preferably no longer than 300 seconds 
from the view point of productivity when the steel sheet is nitrided using a conventional 
continuous annealing line. 

[0039] While the nitriding reaction may be applied to either a cast ingot or annealed sheet, 
nitriding in a high concentration is facilitated as the steel sheet is thinner since the nitriding 
reaction takes advantage of diffusion of N from the surface to the inside. However, it is usually 
advantageous to form a nitride of the steel after machining to a shape close to a final product 
The steel sheet is preferably nitrided at a hot-roll finishing step and thereafter, and it is 
favorable for improving productivity to replace a part or all of the atmosphere with the 
atmosphere of the invention in the recrystallization annealing step when the steel sheet is 
produced by usual cold-rolling. 

[0040] As a processes available, the steel is impregnated with a high concentration of N at the 
first half of the process, and is endowed with thermal hysteresis favorable for fining the crystal 
grains by applying a high temperature treatment or by keeping at an appropriate temperature. 
Other wise, the steel is nitrided after the steel has been recry stallized and given appropriate 
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ductility by allowing the steel to reach the maximum temperature in the annealing step. The 
effect of the invention is not impaired at all by nitriding the steel at a low temperature within 
the range of the invention after recrystallization at a high temperature, and by controlling the 
texture thereafter by heating at a high temperature again. 

[0041] Fining of the crystal grains may be readily achieved by controlling thermal hysteresis 
after the steel is impregnated with a high concentration of N. The heat treatment is not 
required to be successive to the nitriding treatment, and the steel may be heat-treated after 
applying a plating treatment or other treatments after once cooling the steel to room 
temperature. While N may be segregated with a gradient of the N concentration when the 
steel sheet is nitrided from the surface, the time and temperature are controlled for relaxing 
segregation by diffusion of N may maintaining the steel sheet at a high temperature. Control 
of the available highest temperature is important in the heat treatment condition, and the 
temperature reached is desirably no less than 800°C, preferably no less than 850°C, and more 
preferably no less than 900°C. While the retention tome is several seconds, a retention time of 
several minutes to several hours is possible when necessary. 

[0042] The balance between the strength and ductility can be further improved by 
maintaining the steel sheet at an intermediate temperature in the final step of the heat 
treatment after nitriding, probably because the morphology of the solid solution of N and 
nitride of Fe may be changed in a preferable manner. The steel sheet is maintained at 50 to 
550°C in this step. Since the nitride of Fe may be excessively formed to remarkably 
deteriorate ductility by maintaining the steel sheet at a high temperature even when the 
temperature is within the range described above, the upper limit is preferably 500°C, more 
preferably 450°C. However, since it takes a long time for preferable morphological changes of 
nitride at a low temperature region, the lower limit is no less than 80°C, more preferably no 
less than 100°C. 

[0043] While the proportion of Fe is high in the nitride formed in the temperature range of 
100 to 150°C, the proportion of Fe is rather low in the nitride of Fe formed in the temperature 
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range of 350 to 450°C than the nitride of Fe formed in low temperature. Since characteristics 
to be improved are supposed to be different due to different composition and morphology of 
the nitride of Fe depending on the temperature, it is important to select the temperature range 
depending on the application field of the steel sheet. While the retention time in this 
temperature range naturally becomes longer as the temperature is lower, a time interval of at 
least 10 seconds is necessary for obtaining a definite effect 

[0044] It is effective for permitting the effect for retaining the steel sheet at this intermediate 
temperature to be more evidently displayed to cool the steel sheet from a temperature not 
lower than 650°C to a temperature not lower than 400°C at a cooling speed of not smaller than 
10°C/second, preferably not smaller than 50°C/seeond, in the heat treatment at a highest final 
temperature of 650°C immediately before maintaining at the intermediate temperature. 
However, the steel should be carefully cooled so that the cooling speed is not to rapid, since 
ductility may be deteriorated by forming the martensite phase in the steel, although it depends 
on the composition of the steel and the final temperature of cooling. Heating at a temperature 
of exceeding 550°C is desirably avoided for maintaining the texture after the composition of 
the steel has been preferably controlled by the heat treatment at the intermediate temperature 
described above. Most part of the effect for improving the characteristics obtained at the 
intermediate temperature will be lost by heating at a temperature exceeding 550°C. The effect 
for improving the characteristics obtained at the intermediate temperature is substantially lost 
by heating at a temperature of not lower than 580°C. 

[0045] The fine texture as a feature of the invention is not required to be distributed over the 
entire region of the steel sheet, and a substantial effect may be expected by fining only the 
surface layer of the steel sheet for improving wear resistance and fatigue resistance. It is also 
possible to endow the steel sheet with a composite function as a combination of advantageous 
characteristics obtained by fining the grains such as the strength and toughness, and 
advantageous characteristics obtained by coarsening the grains such as ductility. It may be 
devised to make the composition heterogeneous for partially changing the texture. For 
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example, N may be distributed from the surface to the center of the steel sheet with a gradient 
of the concentration when the steel sheet is nitrided as in the invention, and other elements 
may be distributed substantially uniformly. 

[0046] In addition, components other than N such as Mn are responsible for expressing the 
fine texture in the invention. Accordingly, it is effective to form a nitride after producing a 
multilayer steel sheet by conventionally used explosion bonding and compression bonding of 
steel sheets having a locally different Mn concentration. The texture may be controlled by 
locally changing the temperature in a tempering heat treatment. While the application of the 
steel of the invention is by no means restricted by the shape of the steel, the effect of the 
invention may be obtained by applying to the uses usually used as a steel sheet such as 
automobiles, vessels and construction materials. The effect of the invention is not lost even by 
controlling the strength and shape by some processes after forming fine grains. 
[0047] 
[Examples] 

(Example 1) A cold-roll steel sheet with a thickness of 0.6 mm was obtained by cold- 
rolling after hot-rolling of a steel ingot containing 0.010 % of N under a usual condition. Steels 
A to E were annealed for recrystallization at 800°C for 1 minute, nitrided at 650 to 700°C for 5 
to 10 minutes, and heat-treated for tempering at 900°C for 2 minutes, while steels F to I were 
annealed for recrystallization at 800° C for 1 minutes. All the steels were subjected to temper 
rolling of 0.6 % thereafter and characteristic test. While the compositions are shown in Table 1, 
steels A to E contain a large concentration of N by the nitriding reaction by maintaining the 
steels in a high temperature atmosphere containing ammonia gas, and the amount of N in 
Table 1 represents the value in the final product. The amount of N in the steel was adjusted by 
the nitriding reaction at the temperature and time ranges described above and under the 
ammonia gas concentration shown in Table 1. The results of evaluation of characteristics are 
shown in Table 2. Since the composition may largely differ when the strength level is different 
with significantly large differences of characteristics, the steel sheets having strength levels in 



the range of 550 to 650 MPa are compared with each other. 

[0048] 

[Table 1] 

1 steel 

2 composition of steel 

3 nitriding reaction 

4 note 

5 others 

6 ammonia concentration 

7 major hardening method (kind) 

8 fining of texture (fine grains) 

9 solid solution hardening 

10 precipitation hardening (fine grains) 

11 composite texture (TRIP steel) 

hardening by machining (repeated rolling of laminated sheets) 

[0049] 
[Table 2] 

1 steel 

2 grain diameter 

3 toughness 

4 platability 

5 austenite 

6 stability 1 

7 stability 2 

8 stability 3 

9 note 

10 example 
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11 comparative example 

12 stability 1: evaluated at the texture affected by heat by welding 

stability 2: evaluated at the texture after heat-treating at 700 °C for 2 minutes 
stability 3: evaluated by a balance between the strength and ductility of steel sheet 
plated with molten zinc alloy 

[0050] Characteristics of all the steels of the invention are excellent On the contrary, 
platability of the steel is poor in some comparative examples by an alloy component, while the 
characteristics are partly deteriorated after welding and plating in the other comparative 
examples. Machinability was evaluated by a tensile test at room temperature using a test 
piece No. 5 according to JIS at a gauge length of 50 mm and draw speed of 10 mm/minute. A 
cross sectional area per one crystal grain was determined from the number of grains observed 
within a specified area of the cross section, and the crystal grain diameter was defined to be 
the diameter of a circle having the cross sectional area defined as described above. 
[0051] Stability of the fine textures against the thermal hysteresis was evaluated by applying 
the following two cases of the hysteresis, and the steel in which the texture having the crystal 
grain diameter determined by the method above was not coarsened was judged to be good. In 
one method for applying the thermal hysteresis, changes of the texture before and after 
welding was investigated, or the effect of heat on the texture by spot welding was observed 
when the steel was welded under a practical welding condition. In another method, the 
texture after treating at 700° C for 2 minutes, which is a condition supposing a heat treatment 
at a relatively high temperature such as hot-dip plating, was observed. 
O no change 
A small change 
X large change 

[0052] Then, the steel sheet was plated with a molten alloy of zinc under a practical condition 
for investigating stability of the material characteristics against thermal hysteresis. The tensile 
strength and elongation were measured by a tensile test using a test piece No. 5 according to 
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JIS at a gauge length of 50 mm and a draw speed of 10 mm/minute, and the balance between 
the strength and ductility before plating was compared with that after plating. 
O no change 

X one of softening and deterioration of ductility, or both 

[0053] The steel sheet was plated with molten zinc alloy under a practical condition for 
evaluating platability. Non-plated portions, if any, were observed by the naked eye, while 
adhesive property of the plated film was evaluated by a tape test after a V-shape bending test 
at a bend angle of 60°. Platability was judged to be good when the proportion of black area 
after the tape test is less than 20 % . Toughness was evaluated according to the method 
prescribed in JIS. The volume ratio of the residual austenite phase in the steel sheet was 
measured by an X-ray diffraction five-peak method using MoKa. 
[0054] 

(Example 2) A steel ingot containing not larger than 0.010 % of N was hot-rolled and 
cold-rolled under a usual condition to obtain a cold-roll steel sheet with a thickness of 0.8 mm. 
Steels A to E were subjected to a recrystallization annealing at 800°C for 1 minutes, nitriding 
at 650 to 700°C for 5 to 10 minutes, and tempering heat treatment at 900° C for 2 minutes. 
Steels F to I were rolled for tempering at a draw ratio of 0.6 % after recrystallization annealing 
at 800°C for 1 minute. Characteristics of these steels were investigated. While the 
composition of the steels are shown in Table 3, N is contained in a high concentration in steels 
A to E by nitriding in a high temperature atmosphere containing ammonia gas. Table 3 shows 
the N-content in the final products. The N-content in the steel was controlled by the 
temperature and time ranges above in the nitriding treatment, and by the ammonia gas 
concentration shown in Table 3. 

[0055] The results of evaluations are shown in Table 4. Since components are often different 
while various characteristics may be largely different when strength levels are different, the 
steels with strength levels in the range of 900 to 1100 MPa are compared with each other in 
this example. The method for evaluating machinability was the same as in Example 1. 
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Although all the steels of the invention have good characteristics, some of the steels in the 

comparative examples have poor palatability due to their alloy components while the 

characteristics are partly deteriorated after welding and plating in the other steels in the 

comparative examples. 

[0056] 

[Table 3] 

[0057] 

1 steel 

2 steel component (mass %) 

3 nitriding reaction 

4 note 

5 others 

6 ammonia concentration ( % ) 

7 major hardening method (kind) 

8 texture hardening (fine grains) 

9 solid solution hardening 

10 precipitation hardening (fine grains) 

11 composite texture (TRIP steel) 

hardening by machining (repeated rolling of laminated sheets) 

[0057] 
[Table 4] 

1 steel 

2 grain diameter (jxm) 

3 toughness 

4 palatability 

5 austenite 

6 stability 1 
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12 stability 1: evaluated at the texture affected by heat by welding 

stability 2: evaluated at the texture after heat-treating at 700 °C for 2 minutes 
stability 3: evaluated by a balance between the strength and ductility of steel sheet 

plated with molten zinc alloy 

[0058] 

(Example 3) A steel ingot containing not larger than 0.010 % of N was cold-rolled after 
hot-rolling under a conventional condition to obtain a cold-roll steel sheet with a thickness of 
0.4 mm. The steel sheet was subjected to recrystallization annealing at 800°C for 1 minutes, 
nitriding treatment at 650 to 700° C for 1 to 5 minutes, and tempering treatment at 900° C for 
30 seconds. All the steel sheets were rolled for tempering with a draw ratio of 0.6 % before 
investigating their characteristics. While the components in the steel sheets are shown in Table 
5, all the steels contain a high concentration of N by maintaining in a high temperature 
atmosphere containing ammonia gas. The content of N in the final product is shown in Table 
5. The content of N in the steel was adjusted by the temperature and time within the regions 
described above, and by the ammonia gas concentration shown in Table 5. This example is 
provided for demonstrating the effect of Mn in steels A to C, the effect of Si in steels D to G 
and the effect of Nb in steels H to J. Machinability was evaluated by the same method as in 
Example 1. The results of evaluations of the characteristics are shown in Table 6. 
[0059] 
[Table 5] 

1 steel 

2 steel component (mass %) 
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3 nitriding reaction 

4 others 

5 ammonia concentration (%) 

6 note 

7 major hardening method (kind) 

8 texture hardening (fine grains) 

9 solid solution hardening 

10 precipitation hardening (fine grains) 

11 composite texture (TRIP steel) 
[0060] 

[Table 6\ 

1 steel 

2 grain diameter 

3 toughness 

4 platability 

5 austenite (%) 

6 stability 1 

7 stability 2 

8 stability3 

9 note 

10 example 

11 comparative example 

12 example 

13 comparative example 

14 example 

15 stability 1: evaluated at the texture affected by heat by welding 

stability 2: evaluated at the texture after heat-treating at 700 °C for 2 minutes 
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stability 3: evaluated by a balance between the strength and ductility of steel sheet plated 
with molten zinc alloy 

*1 Measurement of the particle diameter is impossible due to the presence of various 

size grains and a large content of martensite phase 

*2 various size grains 

[0061] A comparison among steels A to C exhibiting the effect of Mn shows that addition of 
excess Mn so excessively stabilize the austenite phase with a large amount of the residual 
austenite phase that a texture comprising mixed phases and various size grains is formed to 
deteriorate the quality of the material. A comparison among steels D to G shows that addition 
of excess Si generates a mixed grain phase to decrease ductility. Since a large amount of Si 
nitride is formed in steel G, the effect for forming thermally stable fine crystalline grains that 
are considered to be mainly formed by solubilized N in the solid phase is conjectured to be 
lowered. A comparison among steels H to J shows that the effect for fining the crystal grains is 
enhanced by adding Nb. It is also shown that addition of Ni, which is considered to have the 
same effect as Mn in the invention, gives a result showing a similar tendency to that of Mn; 
addition of Al, which is considered to have the same effect as Si in the invention, gives a result 
showing a similar tendency to that of Si; and addition of Ti and B, which are considered to 
have the same effect as Nb in the invention, gives a result showing a similar tendency to that of 
Nb. 
[0062] 

(Example 4) A steel ingot containing 0.002 % of C, 0.002 % of Si, 2.4 % of Mn, 0.01 % of 
P, 0.01 % of S, 0.04 % of Al, not larger than 0.1 % of Cr and Ni, and 0.003 % of N was cold- 
rolled after hot-rolling to obtain a cold-roll steel sheet with a thickness of 0.2 mm. After 
recrystallization annealing at 800°C for 1 minute, the steel sheet was heated at 790°C by 
flowing an electric current, and a room temperature gas containing 40 % of ammonia was 
blown onto both surfaces of the steel sheet for 5 minutes for nitriding. The steel sheet 
containing 0.4 % of N was cooled to room temperature in air, and subjected to various heat 
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treatments. The effects of the heat treatment are shown below. The heat treatment after the 
nitriding reaction comprises the steps of: heating at 900°C for 2 minutes according to Claim 
10; changing the cooling rate according to Claim 12; holding at 450°C or 100°C according to 
Claims 11 and 12; and heating at 650°C for 30 seconds as the heat treatment for folding at a 
temperature exceeding 550°C according to Claims 11 and 12. 

[0063] While it is possible to continuously apply the heat treatment steps above without 
cooling to room temperature between respective heat treatments including the nitriding 
treatment, the steel sheet was cooled to room temperature after each heat treatment, and was 
independently heated before the next heat treatment step in this example. This is because the 
object of this example is to evaluate the quality of the material at the end of each heat 
treatment in order to access the effects of respective heat treatments. The heat treatment 
conditions and evaluations of the characteristics are shown in Table 7. The steel sheets were 
cooled in air in heat treatments 2 and 3 in Table 7. It was confirmed in this example that the 
steel component is the same among the samples, and that all the materials have a thermally 
stable ultra-fine grain texture that is practically sufficient and within the range of the 
invention. Accordingly, the result of evaluation of thermal stability by welding is omitted in 
this example. The evaluations in this example emphasize the changes of balance between the 
strength and ductility, and toughness. Since all the materials belong to the steel sheet of the 
invention, the characteristics thereof are evaluated by the ranks below: 
A: the highest level 
B: quite good 

C: good (superior to conventional steel) 

These results show that the characteristics are further improved by a proper heat 
treatment after nitriding. 
[0064] 
[Table 7] 

1 heat treatment 1 
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cooling speed sifter heat treatment 1 


3 


M a A A A. *\ 

heat treatment 2 


A 

4 


Uaa4 4 4 __j 1 

neat treatment 3 


5 


grain diameter 


6 


toughness 


7 


austenite 


8 


note (the level of the mvention 


9 


none 


10 


900°C/second x 4 minutes 


11 


100°C/second 


12 


minutes 


13 


second 


[0065] 





[Advantages] As hitherto described, the invention provides a high strength - high toughens 
steel sheet without impairing the characteristics after thermal hysteresis such as welding and 
hot-dip plating, wherein the steel sheet maintains its initial characteristics under various 
application conditions, and is able to be used as a surface treated steel sheet having high 
corrosion resistance* The invention also provides a method for producing the steel sheet as 
described above: 
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